ABSTRACT In this study, 332 lactic acid bacteria of broiler gut origin were investigated as putative probiotic candidates. Sixty-two bacteria showed the highest aggregation while showing antibacterial effects against Salmonella Enteritidis, Salmonella Typhimurium, and Escherichia coli O78:K80. Enzymatic activities of the selected bacteria were examined. No lipase activity was detected, but all of them showed almost similar proteolytic activities. However, they had different amylase and phytase activities. Four of the 62 bacterial strains were selected as a result of aggregation and amylase tests. They were chosen for the following attributes: high cell surface hydrophobicity, co-aggregation, and resistance to bile salts and also acidic conditions. Finally, Lactobacillus crispatus was selected as a source of potential probiotic because of its predominant characteristics in comparison to the other isolated strains from the gastrointestinal tract of chickens. This study has provided a good arrangement of rapid methods for screening a high number of bacteria: a series of beneficial tests that are used together for the first time on chickens, and not any other animals.
INTRODUCTION
The natural intestinal flora is a protective barrier against pathogens that can also affect nutrient digestion and absorption. Probiotics are defined as live microbial food supplements that beneficially affect the host by improving intestinal microbial balance (Fuller, 1989) . Commercial probiotics constitute single or multiple strains of beneficial bacteria. Among the potential probiotics, lactic acid bacteria (LAB) are reported to have important effects in animals (Chou and Weimer, 1999) . In vivo studies investigating health benefits of potential probiotics are time-consuming and often expensive; hence, the consequent use of in vitro tests as selection criteria to reduce the number of strains and find the most effective organism is unavoidable. Colonization ability and antibacterial effects are major characteristics in the selection of LAB as probiotic candidates because these attributes provide competitiveness against enteric pathogens and reduce their colonization. The adherence capability of a bacterial strain to the digestive tract is presumably a prerequisite for colonization (Bouzaine et al., 2005) . Therefore, Garriga et al. (1998) and Ehrmann et al. (2002) selected Lactobacillus salivarius with high adhesion ability to the intestinal cell lines and antagonism against Escherichia coli and Salmonella from the gastrointestinal tract of chickens and ducks, respectively. Furthermore, the enzymatic activities of LAB could be considered in the screening. Recent studies have focused on improving the probiotic efficacy and represent more applicable supplements in poultry nutrition. The beneficial effects of expression of α-amylase, phytase, β-glucanase, xylanase, and cellulase enzymes in the Lactobacillus (Scheirlinck et al., 1990; Liu et al., 2005 Liu et al., , 2007 Yu et al., 2008) show the importance of enzymatic activities in bacterial strains of chicken probiotics. A probiotic that has the enzymatic activities can improve digestion especially in newly hatched chicks. Lee et al. (2001) only examined the amylase activity of Lactobacillus and showed that the Lactobacillus with high amylase activity improved the feed conversion ratio (1.54 and 1.42 for control and supplemented groups, respectively) in pigs. Although a screening report of LAB has been conducted for enzymatic activities in pigs (Kim et al., 2007) , no studies have yet taken place to investigate the enzymatic activities of LAB in chickens and in conjunction with antibacterial activity, aggregation (or clumping of bacterial cells together), cell surface hydrophobicity (is related to adhesion ability to intestinal cells), or adhesion ability to the mucus. Hence, a screening process that evaluates all of these bacterial attributes increases the likelihood of selection of an efficacious probiotic.
The objective of this study was to isolate, characterize, and further select the most suitable strain of LAB from the crop, ileum, and cecum contents of broilers for potential application as a chicken probiotic supplement with regard to feasibility and speed of methods. Several tests of probiotic efficacy were used that have not so far been studied together in the previous screening reports. This selection included aggregation, antibacterial effects, enzymatic activities, cell surface hydrophobicity, co-aggregation, and tolerance to bile salts and acidic conditions. The tests of aggregation and cell surface hydrophobicity could be used for examination of adhesion ability of LAB to the mucus. Lactic acid bacteria can reduce the number of pathogens in the gastrointestinal tract by production of bacteriocins, H 2 O 2 , and especially organic acids. Therefore, the antibacterial effects of LAB were investigated as a second step. Coaggregation is thought to be linked to the ability to interact closely with undesirable bacteria (Gusils et al., 1999) . This attribute is another characteristic representing competitive exclusion of LAB against enteric pathogens. Resistance to acidic pH and bile salts is of great importance in survival and growth of bacteria in the intestinal tract and thus is a prerequisite for choosing suitable probiotics. These bacterial attributes when evaluated together could lead to the selection of an organism that might be different from those that have been isolated in other studies, and the efficacy of a probiotic, so selected, to improve health and digestion might be enhanced.
MATERIALS AND METHODS

Chemicals
All chemicals used in this study were of analytical grade, mostly purchased from Sigma Chemical Co. (St. Louis, MO). De Man, Rogosa, and Sharpe (MRS) and nutrient broth media were purchased from Merck (Darmstadt, Germany) and Oxoid Ltd. (Basingstoke, UK), respectively.
Isolation of Bacterial Strains
Bacteria were isolated from the digestive tract (crop, ileum, and cecum) of 12 Ross 308 male broilers (6 from 21-d-old and 6 from 42-d-old birds). The crop, a 10-cm section from the middle of the ileum and cecum of each broiler, was removed and aseptically minced with contents. The resulting homogenates were serially diluted in phosphate buffer (pH 6) and plated onto MRS agar and then incubated in anaerobic jars (Sharif Azmayeshgahi Co., Tehran, Iran) for 48 h at 37°C. After incubation, 332 isolates (equally 166 strains from 21-and 42-d-old broilers) were randomly sampled and subcultured separately in MRS broth at 37°C under the above-mentioned anaerobic conditions. Stock cultures were also prepared in 50% (vol/vol) glycerol and frozen at −70°C until further use (Garriga et al., 1998) . The isolates were subcultured at least 2 times before all of the assays.
Three strains of avian origin, Salmonella Enteritidis, Salmonella Typhimurium, and E. coli O78:K80 were obtained from the Veterinary Department at the University of Tehran, Iran. They were used examining antagonistic activity and co-aggregation behavior of the isolated LAB.
Aggregation Test
The test was performed by the method of Reniero et al. (1992) . Aggregation was scored positive when bacteria gravitated to the bottom of the tubes, leaving a clear supernatant fluid. The test was examined every 15 min for 2 h and the nonpositive strains were reinvestigated once after 24 h.
Detection of Antagonistic Activity
For detection of inhibitory activity, the well diffusion assay described by Schillinger and Lucke (1989) was used. Plates containing solidified nutrient agar (20 mL) overlaid with 10 mL of soft nutrient agar (0.7% agar in nutrient broth) were inoculated with 5 μL of an overnight culture of Salmonella Enteritidis, Salmonella Typhimurium, or E. coli O78:K80. Six wells, 5 at the periphery and one at the center, each 6 mm in diameter, were made in the agar, and 30 μL of the culture supernatant of a LAB strain was transferred into each well. The plates were incubated aerobically for 24 h at 37°C, after which they were examined for clear inhibition zones around the wells. The test for each LAB strain against each serotype of the pathogen was carried out 2 times with duplicates each time. This test was evaluated by the disc diffusion assay as well. The procedure was the same as described before except that the paper discs (Tadbir Fan Azma Co., Tehran, Iran) were used instead of the wells. The pH of MRS broth cultures of LAB was measured to examine the relationship between antagonistic activities and pH of the supernatant.
Detection of Enzymatic Activities
Sixty-two strains that were selected as a result of the first and second screening tests were checked for presence of enzyme (i.e., amylase, protease, lipase, and phytase) activities according to Kim et al. (2007) with minor modifications. To detect the amylase, lipase, and phytase activities, the selected LAB were subcultured and then spot-inoculated onto relevant medium and then incubated anaerobically for 48 h at 37°C. After incubation, the halo zone surrounding each colony was measured with a caliper.
For amylase activity, all strains were subcultured on modified MRS (MRS with 0.25% starch instead of whole glucose) broth. Activity was examined using a medium that consisted of meat peptone (0.5%), yeast extract (0.7%), NaCl (0.2%), starch (2%), and agar (1.5%). For detecting the clear zones of amylase activity, Lugol's solution was poured over the plates.
In the case of lipase activity, the MRS broth containing olive oil (1%) and Arabic gum (1%) was used to subculture the strains. Activity was detected by using a medium that consisted of tryptone (0.1%), yeast extract (0.5%), NaCl (0.05%), olive oil (0.1, 0.5, or 1%), Arabic gum (1%), and agar (1.5%).
Phytase activity was measured using calcium phytate. The MRS broth that contained 0.25% calcium phytate (Sigma-Aldrich Co.) was used to subculture the strains and the medium consisted of glucose (1.5%), calcium phytate (0.5%), NH 4 NO 3 (0.5%), KCl (0.05%), MgSO 4 ·7H 2 O (0.05%), MnSO 4 ·7H 2 O (0.02%), FeSO 4 ·7H 2 O (0.001%), and agar (1.5; adjusted to pH 7.0) was used for detection of phytase activity.
For detection of protease activity, the strains were cultured on MRS broth and after anaerobic incubation for 24 h at 37°C, 30 μL of culture supernatant was transferred onto a disc placed over a medium consisting of skim milk (1%) and agar (1.5%). Clear zones surrounding each disc were measured with a caliper.
Cell Surface Hydrophobicity Test
Cell surface hydrophobicity was determined by the method of Rosenberg et al. (1980) . Lactic acid bacteria were harvested after 18 h of growth, washed twice, and resuspended in physiological saline solution to an optical density of 0.5 at 600 nm (OD 600 ). One milliliter of toluene was added to test tubes containing 3 mL of washed cells. The mixtures were blended on a vortex for 90 s. The tubes were left to stand for 15 min for separation of the 2 phases, and the OD 600 of the aqueous phase was then measured. Hydrophobicity was calculated as the percentage of decrease in the OD 600 of the bacterial suspension due to partitioning of cells into the hydrocarbon layer:
Percentage of hydrophobicity = [(OD 600 before mixing − OD 600 after mixing)/OD 600 before mixing] × 100. Reid et al. (1988) suggested that the dominance of inhibitor-producing lactobacilli on the urogenital epithelium of humans, and the ability of these organisms to interact closely with uropathogens such as E. coli, would constitute an important host defense mechanism against infection. Hence, co-aggregation was investigated according to Jin et al. (1996) . Suspensions of LAB, E. coli O78:K80, Salmonella Enteritidis, or Salmonella Typhimurium were adjusted in phosphate buffer (pH 7) to an OD 600 of 0.5. A suspension (0.5 mL) of each pathogen and a similar suspension (0.5 mL) of the test LAB strain were placed together in a test tube and mixed thoroughly using a vortex. The OD 600 of the bacterial mixture was measured after incubation for 4 h at 37°C. Control tubes contained 1 mL of a suspension of each bacterial species. The percentage of co-aggregation was calculated using the equation of Handley et al. (1987) :
Co-Aggregation Test
where PC and LC represent the optical densities in control tubes containing only pathogen or LAB after 4 h of incubation, respectively, and P + L represent the optical density of the mixed culture after the same period of incubation.
Bile Salts Tolerance Test
Overnight cultures of the isolates were centrifuged (Beckman, J-6M; Beckman Coulter, Fullerton, CA) at 7,500 × g for 5 min at 4°C. After resuspending the pellets in the phosphate buffer (pH 6), it was diluted 1 × 10 −5
. Subsequently, the counts of viable cells were determined by growing the suspensions on MRS containing 0.075, 0.15, 0.3, and 1% (wt/vol) ox bile (Fluka Biochemika, Sigma-Aldrich, Buchs, Switzerland) anaerobically at 37°C for 48 h (Garriga et al., 1998) .
Acidic pH Tolerance Test
Cell suspensions were prepared as above and then diluted 1 × 10 −5 in phosphate buffer at pH 2, 3, and 6. These suspensions were then incubated for 90 min at 37°C. The viable cells were then counted by growing the suspensions on MRS agar anaerobically at 37°C for 48 h (Garriga et al., 1998) .
Strain Identification
The strain LT116 was examined by the gram stain and catalase tests and then identified by a PCR-based method. Total DNA was extracted using a DNA extraction method. Briefly, the bacterial cells were added to extraction solution. Sample was phenol-chloroformextracted and DNA was precipitated using an equal volume of isopropanol. The DNA was washed by using 70% ethanol. The semi-dried extracted DNA was resuspended in 20 μL of deionized distilled water and stored at −20°C until use. Identification was carried out based on primers targeted against variable regions of the 16S rRNA genes. The universal primer pair consisted of the forward (5′ GAG AGT TTG ATC CTG GCT CAG 3′) and reverse (5′ GAA AGG AGG TGA TCC AGC CG 3′), which were used for amplification of 16S rRNA (Metabion, Martinsried, Germany). Deoxyribonucleic acid amplification of the (~1,500 bases) fragment was carried out in a 50-μL reaction mixture containing 5 μL of 10 × PCR buffer, 1 μL deoxynucleoside triphosphate mixture (10 mM), 1.4 μL of MgCl 2 (50 mM), 2 μL of each primer (10 pmol μL ). All PCR chemicals were obtained from Cinnagen (Tehran, Iran). Amplification was performed in a thermocycler (FFG-05TUD; Techne Flexigene, Minneapolis, MN) using the following program. A 5-min denaturation period at 95°C was followed by 30 cycles each: 1 min at 95°C, 1 min at 53°C, and 1 min at 72°C. Then DNA was sequenced by Seqlab (Göttingen, Germany) and its homology was analyzed through BLAST (NCBI, 2008) .
Antibiogram Test
Antibiotic sensitivity of the strain was determined by the Kirby-Bauer disc method (Bauer et al., 1966) except that MRS agar was used instead of Mueller-Hinton culture medium. The density of bacteria suspension was adjusted until the visible turbidity was equal to 0.5 McFarland standard. The inoculum was spread evenly over the entire surface of the plates. Subsequently, paper discs containing the antibiotics (Tadbir Fan Azma Co., Tehran, Iran) were laid on the plates and incubated anaerobically at 37°C and growth inhibition was examined after 24 h.
RESULTS AND DISCUSSION
Because the bacterial populations of gastrointestinal tract are specific and particular for different animals (Fuller, 1975) , isolation of LAB from broilers was carried out at the beginning of this research toward developing a chicken probiotic. Meanwhile, tests used for screening should be simple, rapid, and comprehensive to select one or several strains for probiotic efficacy from a large number of bacteria. On the basis of the reports by Garriga et al. (1998) and Ehrmann et al. (2002) , it is proposed that the aggregation test is appropriate for the first step of screening because it is a simple method applicable to a large number of test strains, and it shows clumping of strains together and also adhesion ability to the epithelial cells indirectly but in a strong way. It has been reported that the bacteria that show high aggregation (or in other words, low aggregation time), also have high cell surface hydrophobicity and adhesion ability to the mucus. Aggregation and cell surface hydrophobicity of the strains could be used instead of the examination of adhesion ability to the mucus because there is a strong relationship among these characteristics especially between aggregation time and adhesion ability to the epithelium of the digestive tract. The results of Garriga et al. (1998) clearly showed that the strains with high aggregation had better attachment to the epithelial cells. After screening 332 strains of LAB from the crop, ileum, and cecum, 62 bacteria (22, 22, and 18 bacteria from crop, ileum, and cecum, respectively) showed significant aggregation properties. Six strains needed only 15 min to aggregate significantly. The strains with the lowest aggregation time (15 min) were only detected from 42-d-old broilers (Table 1) .
At the second step of screening, the antibacterial activities were considered. This characteristic shows another aspect of competitive exclusion of LAB against enteric pathogens. The aggregation time and antibacterial activity demonstrate the ability of LAB to prevent the colonization of E. coli, Salmonella, and other enteric pathogens. Chaveerach et al. (2004) showed that 5 isolated strains of Lactobacillus have antibacterial effects against most strains of Campylobacter jejuni. Gilliland and Speck (1977) and Kizerwetter-Swida and Binek (2005) found that lactobacilli have higher antibacterial effects against the gram-positive pathogenic bacteria (Staphylococcus aureus and Clostridium perfringens) than E. coli and Salmonella. There is a report that shows that Salmonella Pullorum is more sensitive to the antibacterial activity of LAB than Salmonella Typhimurium and Salmonella Enteritidis (Jin et al., 1996) . Hence, only the major and most resistant pathogenic strains were selected for antibacterial activity test in this study. Although the halo zones of growth inhibition varied in diameter among all 62 strains, they showed inhibition activities against all of the enteric indicator strains (E. coli O78:K80, Salmonella Enteritidis, and Salmonella Typhimurium), with growth inhibition against Salmonella being higher than E. coli. As shown in Figure 1 , the mean values of antibacterial activities of 62 strains decreased by increasing pH of the supernatant from 3.8 to 4.4. These trends of antibacterial activity provided evidence that the growth inhibition of enteric strains depended on the delivery of acids into the media from the inhibitory strains to a large extent (Figure 1) . Jin et al. (1996) , Ehrmann et al. (2002) , and Van Coillie et al. (2007) have reported that the growth inhibition of different Salmonella and E. coli serotypes by lactobacilli strains isolated from chicken intestine is related to organic acids. The results of this study did not show noticeable differences among the strains of LAB. Hence, the test of antibacterial activity did not reduce the number of LAB during the screening procedure and this step was not used as a selection criterion.
Sixty-two bacteria that had displayed a positive aggregation test were also investigated for enzymatic activities ( Table 2 ). The size of the halo zones surrounding the colonies gave an approximate indication of extracellular enzyme levels. Although bacterial isolates almost produced similar amounts of protease, they displayed different amylase and phytase activities. These results were similar to those reported by Kim et al. (2007) . No extracellular lipase activity was detected in the strains of this study, which is in agreement with the report of Oterholm et al. (1968) , who have found that LAB do not have extracellular lipase production.
Four strains (LT116, LT129, LT130, and LT131) with high amylase activities and significant aggregation properties were selected for further studies, and the results of the selection criteria evaluated for these 4 isolates are presented in Table 3 . Because colonization is a very important characteristic, the adhesion ability to the mucus was also examined by testing cell surface hydrophobicity in addition to the aggregation test. Strains with high hydrophobicity show strong adhesion to the mucus. A correlation of the hydrophobic nature of the outermost surface of bacteria has previously been implicated in their attachment to epithelial and intestinal mucosal cells (Handley et al., 1987) . The hydrophobicity of the bacterial cell surface was measured as a decrease in absorbance of the buffer containing cellular suspensions. High values of hydrophobicity Figure 1 . The growth inhibition of pathogens by different lactic acid bacteria and pH of their supernatants. In general, the strains that had the lowest pH of supernatant and highest antibacterial activities are located in the left part of the figure and vice versa. Radius of growth inhibition against Salmonella Typhimurium (A) and Salmonella Enteritidis (B) is higher than that against Escherichia coli O78:K80 (C). The radius of growth inhibition (halo zone) was measured from the edge of discs. could indicate a greater ability of the bacteria to adhere to epithelial cells (Rosenberg et al., 1980) . Van Coillie et al. (2007) found that cell surface hydrophobicity of Lactobacillus crispatus strains is more than 90%. This is in agreement with the results of hydrophobicity percentage of the final selected strain (L. crispatus) of this research (Table 4) . These findings confirmed the high adherence ability of the selected bacteria, which was in agreement with the results of the aggregation test. Jin et al. (1998a) showed that there was poor coaggregation between selected LAB and E. coli strains. These authors indicated that most isolated bacteria had co-aggregation of between 1 to 4.6%. Therefore, the co-aggregation test was carried out after the tests of aggregation, antibacterial effects, and enzymatic activities. The results of this study showed no co-aggregation between LAB and enteric strains. Therefore, the test of tolerance to acidic pH was not used as a selection criterion in their screening. Also, no relationship has been found between the results of aggregation and coaggregation (Ehrmann et al., 2002) . It means a strain with high aggregation does not have high co-aggregation ability.
With regard to retention time and pH of feed in the gastrointestinal tract of the chicken [crop (pH 4.5), 30 min; proventriculus (pH 4.4), 15 min; gizzard (pH 2.6), 90 min; small intestine (pH 6.2), 90 min; and large intestine (pH 6.3), 15 min (Church and Pond, 1974) ], it was thus preferred to examine the survivability of the strains close to the retention time of feed and pH in the gizzard. All selected strains showed resistance to pH 3 after 90 min, but their viability reduced at pH 2 (Table  4) . Garriga et al. (1998) screened LAB with regard to their tolerance to pH 3, and they showed that pH 3 did not decrease the number of LAB. Therefore, the test of tolerance to acidic pH was not used as a selection criterion in their screening. Also, Jin et al. (1998b) found that all isolated lactobacilli have moderate or good resistance to pH 3 and the survivability of lactobacilli decreases under high acidic conditions, especially when lower than pH 2.
The effects of bile salts on the survival of lactobacilli have been investigated by several authors, and survival is thought to be linked to the ability to deconjugate bile acids (Tannock et al., 1997) . In our research, the culture media containing 0.3 and 1% (wt/vol) bile salts inhibited the growth of all bacteria; hence, media with lower levels of bile salts (0.15 and 0.075%) were used to examine the tolerance of the strains to these salts (Table 4 ). The acidic pH and bile salts tolerance tests were carried out after other screening methods because there is a report (Van Coillie et al., 2007) that shows that these tests are not very important for the colonization of Lactobacillus in the gastrointestinal tract. They found that in contrast to the low in vitro tolerance against acid and bile salts, only a slightly lower colonization capacity was observed for the Lactobacillus vaginalis strain (R-17362) when compared with the other strains that had high resistance to acid and bile salts (Van Coillie et al., 2007) .
Following the above screening procedures, the LT116 strain was selected as a chicken probiotic candidate, the 2 +++ = survival ≥60%; ++ = 30% ≤ survival < 60%; + = survival <30%; ND = not detected. 3 A concentration of 0.075% was used in medium culture medium for investigation of resistance to bile salts. 4 A concentration of 0.15% was used in medium culture medium for investigation of resistance to bile salts.
reason being that this strain displayed high aggregation (at 15 min), amylase activity (halo zone of 3 mm), cell surface hydrophobicity (92.14 ± 3.7%), resistance to bile salts (high and medium survivability in culture medium containing 0.075 and 0.15% (wt/vol) bile salts, respectively), and tolerance to acidic conditions (medium survivability at pH 2 for 90 min). This strain also possessed antibacterial properties, protease, and phytase activities. The examinations confirmed that this strain is gram-positive, catalase-negative, and a rod-shaped bacterium. Molecular methods are known to be important for bacterial identification (Drancourt et al., 2000) . Hence, the amplification of the 16S rRNA gene of the LT116 strain by the PCR-based method followed by sequence analysis and homology search via BLAST identified (99%) the strain as L. crispatus. The finally selected bacterial strain of this research is different from those that have been isolated by other investigations. Garriga et al. (1998) and Ehrmann et al. (2002) selected L. salivarius at the end of their screening procedures, but they did not consider the enzymatic profiles in their studies; however, the detection of amylase activity was one of the major screening tests in this research. Also, Van Coillie et al. (2007) screened lactobacilli for their antibacterial activities against Salmonella Enteritidis and found that the 2 strains, Lactobacillus reuteri R-17485 and Lactobacillus johnsonii R-17504, significantly decreased the colonization of ceca, liver, and spleen of chicken by Salmonella Enteritidis. This difference among results of studies indicates that the screening methods are of vital importance, which can affect the final selection. On the other hand, this study shows that screening procedures must be comprehensive and include more features to obtain a more applicable strain as a probiotic supplement. Also, one or several strains might be selected for potential use as a probiotic. Interestingly, L. crispatus belongs to the group of obligatory homofermentative bacteria that have high H 2 O 2 production and total antioxidative activity. This group of lactobacilli was found to have a relatively much stronger inhibitory activity in an anaerobic environment, and has also been shown to have no inhibitory activity toward any species or isolate of the genus Lactobacillus (Annuk et al., 2003) . Because strains of L. crispatus are a major microbial population in the chicken intestine (Sarra et al., 1985) , they have become prime candidates for use as probiotics. This species possesses several characteristics satisfying the criteria for selecting probiotic cultures [e.g., it has a generally recognized as safe status (Pouwels et al., 1998) , its adhesion to intestinal epithelium (Edelman et al., 2002) , its abundance in the crop and intestine, and its capacity to decrease salmonellosis in conjunction with Clostridium lactatifermentans (Van der Wielen et al., 2002) .
Antibiotic sensitivity tests are also important because many antibacterial chemicals are used as feed additives in poultry farms. Lactobacillus crispatus was shown to have resistance to nalidixic acid and neomycin. In contrast, medium containing ampicillin, bacitracin, chloramphenicol, doxycycline, erythromycin, furazolidon, gentamicin, kanamycin, lincomycin, oxytetracycline, penicillin, streptomycin, tetracycline, and vancomycin inhibited the growth of this strain.
This study showed that among all of the screening methods, there were only significant differences in the results of aggregation time, phytase and amylase activities, and tolerance to acidic and bile salts. Lactobacillus crispatus showed above-average results in all criteria observed in vitro and was thus selected as a potential probiotic. A separate study will be required for evaluation of the isolated strain as a probiotic supplement in chicken.
